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-’hisreport documents a methcd for the calculation of the concentrateion of isotopes
nf Kr and Xe in the reactor blanket gas system. These isotopes are formed by
fissioning of 235U exposed by fuel defects to the moderator; the radioactive gases
then “diffuseto the gas plenum. The effect of blanket gas leakage rate and operating
and design variables on the Kr and Xe concentrations are included, together with a.
summary of pertinent variables for recent reactor operation.

It is estimated that current E-D operation results in a blanket gas inventory
ranging from 20 to 8CQ curies of Kr and Xe. If cycle average values are used, and if
average blanket gas leakage and venting rates are assumed, the result is a release
rate of 200 to 400 curies of Kr and Xe per day.

,,.

“Sinceabout 90 percent of the activity consists of isotopes with half-lives shorter
than 10 hours, the decay after release is rapid; the time for reduction of the total
activity to n% of the initial values is about 4 hours.

These esLimates do not include allowance for radioactive decay during trans~rt of the
activit.afrom the point of fission to the blanket gas. This assumption results in
over-estimation of short-lived activities. A four hour delay, for example, Muld re-
sult in a 50% reduction in the blanket gas Kr and Xe centent.

An analytical program has been stsrted (ref. 2) to determine the transnort times far
Kr and Xe (which &y differ) and to ver~fy the”calculational methods <sealin these ~‘
estimates of blanket gas activities.
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“’;CALCUL4TIONS

The concentrations of Kr and Xe isotopes in the blanket gas are controlled by the
fission rate (power), the amount of fissioning 23% exposed to the moderqtor and
the rate of increase of that amount,the ttie for the gases to diffuse into the blanket
gas, and the rate of removal of Kr and Xe from the blanket gas (radioactive decay and
gas turnover rate).

The rate of change of the content s!NIVof a radioactive gas in the blanket gas i3

given by the expression:

~=g-(A+@)N (EcP.1)

Where g = generation or input rate, atoms/see

A = decay constant, .693/T~, see-l

L = blanket gas leakage and vent rate, scf/see

V = blanket gas volume, scf

In most cases, the rate of change, dN/dt, i.esufficiently low that a steady state
condition can be assumed for a period of a few days. Then dN/dt = O, and equation
becomes:

If the assumption is made that the transport from the point
gas is instantaneous, g equals the fission rate, stoma/sec,
of a given nuclide.

of fission to the
times the fission

1

(Eqn.2)

blanket
yield

235U~Ore~terial causing the ‘eThe &nount of exposed
culated from the dissolved fission product (e.g., 3 hr ~~ ~~~~~~~$i~~~=

moderator by the methods described in reference 1. The input rate, g, for a g~v~
isotoPe ,!I,Iis thus given by the fOllOWiIl~: (Eqn.3)

g (atoms ,,Iil/see)= Total fuel power (MW) x 3.2 10I6 (fissions/see per M)
~ % exposed

x fission yield of III!’x
g 23% in fuel(correctedfm

burnup)

This result is used in equation 2, together with the blarket gas turnover rate, L, to
calculate the concentrateions of isotopes. The total curies in the blanket gas are
also calcul.atedc

N(,,lII)~ (,,1,,)~j,(!!I!!)=
3.7x 101u d/s/curie

-X4The daily relsase of activity (curies) = Ci(eqn.4) x v ~cf

(Eqn.fJ

(Eqno5)
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FUBULTS

Equations 2, 3 and 4 are used to calculate the Kr and Xe concentrations for a typical
Mark 4 fuel cycle (e.g. P-l). Results are summarized in Table 1; it should be noted
that equation 2 was modified so that the results are in terms of curies per gram of
expos d core. These values can then be used with actual exposed core VahJe9 tO cal-

culate total curies Kr aridXe for a specific case, subject to corrections for differences
in the parameters given below:

I
PARAMETERSUSEDIN CALCULATIXGVALUFSGIVENIN TABIJ31:

1) Total Mark 14 power = 13C0 NW
2) Grams 2351Jin Mark IA = 4.3 x 105
3) L = 20 scf/hr (5.6 x 10-3 scf/see)
4) V = 400 ecf

TABIE 1 CALCUL4TFD Kr AND Xe CONCEN’&ATIONS IN BLANKET GAS

1

I g,atoms/
Fission I

Isotope T+ yie~.% A, see-l ~ + L/V.see-l ~S” R235U N (atoms~

83~r 1.9hr 0.48 1.ol.xlo;4.. 1.15XYJ;4 o.5xlog 4.3xlo::
mqr
85 Kr

4.4 hr 1.5 4.wo-~ 5.mo-~ 1.l+xlo— 2.&xlo’”
10.8yr 0.3

87 Kr
acl-9 1.4.xlo-5 o.3xlo~ 2.kdo~b

88 Kr
1.3hr 2.7 1.52xlo-4 1.66XI.0-4 2.6k10U 1.6do~6
2.8hr 3.7 6.9ti0-5 8.3x10-5 3.6x10U 4.3x1016

Total Kr

13+;
133~e

L?day .0.03 .07xlo-5 1.l+7xlo-5 o.03xlo= 2.Oxlols
2.3day 0.16 .35xlo-5 1.75xlo-5 O.15xI.0U8.6ii015

133Xe 5.3day 6.5 .15xlo-5 1.55xlo-5 6.3x10” 4.IX1017
135Xe 9.2h 6.2 2.lxlo”5 3.5xlo-5 6.OxIOU 1.7xlo~7

Total Xe

Total Kr and Xe

N (curies) ~
per gram ~
235u

12
28
1.lxlo-j
66

-i%

3.8x10-2
1.

300 cfriri/g

Release/day = 300 Ci x 4W ~cf- x 24 = 360 Ci/g231
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EFFECT OF CHANGING PAR.AN03TERSON Kr AND Xe CONCENTRATIONS

A. Amount of Fxposed Core

Figures 1,2 and 3 show the amount of 235U ex!xmed to the reactor moderator for recent
enriched uranium fuel charges.
uranium charges is shown in the

B. Fuel Desia ard Operation

Differences in total fuel Nwer

An estimation of the range of values for natural
C Area graph, figure 3.

and 235U content for current enriched uranium fuel
types arxithe effects they”have on Kr . Xe releases are stirized in Table 2. The
data include 235u burnup corrections (O mid-cycle), the reduced number of assemblies
in Mark U+ cycles, and assume 20 scfh leak rate (as in Table 1).

TABLE 2 Kr ANE Xe IN BLANKhT GAS - RECENT CYCLFS, AVG. VALUES

Fuel Type Fuel Power. MW 235U in Fuel, K N (Curies Kr + Xc/g235U)

Mark 4 1000 2.5xlo5 397
Mark 16 1700 6.7x1o5 252
Mark 18 1300 1.2X104 10,750

c.

D.

E.

Blanket Gas Leakage and Venting

The leakage and venting rates are calculated by adding the amount of make-up He
added to the system and the amount centinuously flowing to level indicator bubblers.
Figure 4 showe how b t the blanket gas centent and daily release, in terms of
Ci Kr + Xe per gram ~3$ exposed, depend on the leakage rate. The other parameters
are the same as for Table 1 calculations. Normal leak/vent ratee fall between 10
and 20 scfh. As shown in figure 4, this results in a blanket gas content of
35o curies per gram 235u with daily releases from 21o to 36o curies per gram zs?u:”

Decay of Kr and Xe

As shown in Table 1, about 90% of the total Kr and Xe curiee represent isotopes with
less than 10 hours half life. This results in a fairly rapid decay of total activihy
after release from the blanket as.

5
Figure 5 illustrates the decay of 300 curies

of Kr + Xe (Table 1, curies/g 2 5U) after an abrupt release from the reactor.

Diffusion Rate

If significant time is required for the fission product gases to diffuse from the
point of fission (fuel element surfaces) through the moderator to the gas plenum,
the radioactive decay will result in lower concentrations of the various isotopes
than given in Table 1. This effect is greater with short half-life isotopes than
with long-lived ones. Figure 5 can be used to correct Table 1 values where the axis
labeled “hours after release“ is considered to be ‘ihours for diffusion to gas plenum!’.
For instance if this time were 4 hours, total Kr and Xe activity, in the blank&. gas

235Uratherthan3@ c~ies”would be 145 Ci per gram
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I F. Current Activity Levels and Release Rates

I The information from Table 2 and figures 1, 2 and 3 are summarized in Table 3 for
average recent operating experience.

TABLR 3 Kr AND Xe ACTIVITY - 1970 - 71 CYCLES

Avg. Blanket Gas Content, Avg. Daily Releas&,

23% as
Ci Kr + Xe Ci F& + Xe

Fuel Type Avg. Exposed , gr L=lOcfh L=20cf~ L=lOcfh L=20cfh

Mark 4 0.T 162 278 195 33L

I Mark 16 1.3 109 j28 229 393

I Mark 18 5 x 10-3 32 54 37 64

~
~$Therelease values will decay as explained in section D and shown in figure 5.
Both releases and blanket gas contents are overestimateed by a factor dependent
on gas diffusion rates as explained in secticm E.

The minimum 1970 . 71 blanket gas content is 20 curies (K-1, .05 g23~) while the
maximum is 800 curies (P-6, 2.0 g23%J).
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FIGURE2 CAICIJIAT131EXPOSEDCCRE.K AREA
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FIGURE4 EFFECTOF BLANKEXGAS IEAK/VENTRATEON
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FIGURE5 DECAYOF Kr ANDXe - Am ABRU~ REIJ3ASE
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